A SERIES of aminostilbene derivatives, many of which showed a considerable inhibitory action on the growth of tumours in rats and mice, has been described by Haddow, Harris, Kon and Roe (1948) . Since this type of growth inhibition had previously appeared to be a property of carcinogenic substances, several of the most active of the aminostilbenes were tested for carcinogenic activity. The induction of tumours in rats by 4-amino-, 4-acetamido-, 4-dimethyl-amino, 4-diethylaminoand 2'-methyl-4-dimethylaminostilbene, also by 1-(4'-dimethylamino-phenyl)-2-(1'-naphthyl)ethylene, was recorded. The tumours described included sarcomas, mammary adenomas, cholangiomas, acoustic duct carcinomas and lung adenomas.
2-(1'-naphthyl)ethylene, was recorded. The tumours described included sarcomas, mammary adenomas, cholangiomas, acoustic duct carcinomas and lung adenomas.
In an investigation on the nature of the growth inhibitory action of carcinogenic, substances a relation was found between growth inhibition and the protein content of the diet (Elson and Warren, 1947; Elson and Haddow, 1947) . This effect of diet is particularly well marked in aninials treated with aminostilbene derivatives; a much greater inhibition of both body growth of rats and of growth of Walker Rat Carcinoma 256 being observed in treated rats maintained on a low protein diet than in similarly treated animals maintained on a high protein diet (Elson, 1948) .
It was therefore of considerable interest to investigate the effect of diet on the carcinogenic action of amninostilbenes, particularly in view of the well-known effect of diet on the incidence of liver tumours in rats treated with 4-dimethylaminoazobenzene. Two aminostilbenes were chosen for the investigation, 4-dimethylaminostilbene (I), which bears a very close resemblance to 4-dimethylaminoazobenzene, and 2'-chloro-4-dimethylaminostilbene (II), which was found to be less toxic than (I) but also showed a very marked effect of diet in its inhibition of growth of Walker Rat Carcinoma 256. The induction of tumours by (I) has been described by Haddow, Harris, Kon and Roe (1948) . Although tuminours in rats had been obtained with (II) (Haddow, private communication) they have not previously been described in print.
EXPERIMENTAL.
Diets.
Diet A (20 per cent protein). This is the high protein diet used in the original work on the effects of diet on the growth inhibitory action of carcinogens (Elson and Warren, 1947 (Elson and Haddow, 1947: Elson, 1948 per cent, calcium carbonate 0'5 per cent, salt mixture (Glaxo Laboratories Ltd.) 1 per cent, cod liver oil 1 per cent. The growth rate of young male rats maintained on this diet is usually less than 1 g. per day. The growth of Walker Rat Carcinoma 256, as estimated by the weight of tumours of about 12 days after implantation, in animals maintained on this low protein Diet B is only about 20 per cent less than in rats maintained on the 20 per cent protein Diet A, but 2'-chloro-4-dimethylaminostilbene produces about 90 per cent inhibition of growth of this tumour in animals on Diet B and only about 10 per cent tumnour inhibition in those on Diet C'. Diet C (5 per cent protein + minethionine). This is the same as Diet B, but with addition of 0'4 per cent methionine. The addition of methionine prevents to a large extent the development of fatty livers, which occurs in many of the animals maintained for long periods on Diet B. A 6 per cent protein diet with addition of 0'5 per cent inethionine has been found to be very favourable to production of liver tumours by 4-dimethylamniinoazobenzene, cholangiomas appearing in as short a time as 2 months and being found in all the animals surviving for 6 months (Elson, 1947) . In an experiment carried out by Miss S. Charter, which is still in progress, cholangiomas were found in all animals receiving 4-dimethylaminoazobenzene in Diet C within 5 months, whilst no liver tumnours have yet appeared given by intraperitoneal injection in a first dose of 6 mg. dissolved in 0'5 c.c. arachis oil per rat, followed at intervals of approximately 2 weeks by 4 subsequent doses of 5 mg. in 0'5 c.c. arachis oil. Thus a total dose of 26 mg. per rat was given over a period of 2 months. Administration of the carcinogen was then stopped, and the animals maintained on their respective diets until they died or were killed and examined for tumours.
2'-Chloro-4-dimethylaminostilbene (II).-A total of 60 rats was employed, 10 males and 10 females being maintained on Diet A, the same number on Diet B and 20 males on Diet C. This compound was also administered by intraperitoneal injection, but in this case in doses of 12 mg. dissolved in 0'5 c.c. arachis oil per rat; 5 doses were given at approximately 2-week intervals making a total of 60 mg. over the period of 2 months.
RESULTS.
4-Dimethylaminostilbene (1).
This compound proved somewhat toxic to the rats maintained on the low protein diets, and in spite of reduction of the dose from 6 mg. to 5 mg. per injection a number of these died within the first few weeks of treatment. These, together with some lost later by cannibalism, have not been included in the autopsy reports. Ignoring these, therefore, 47 rats have been examined post mortem, and among these 34 tumours were found. The type of tumour and the number of days after commencement of treatment with the stilbene until the tumour was identified post mortem are indicated in Table I (Fig. 1) . The largest number and greatest variety of tumours were found in the group of animals fed on the high protein Diet A, although none of them was detected before the lapse of more than one year from the commencement of treatment with the carcinogen. The rats in this diet group, however, withstood the toxic action of the dimethylaminostilbene much better than those on the low protein Diet B, and the high incidence of tumours may be ascribed partly to the fact that the animals survived for a longer period. The most interesting result is the large number of cholangiomas obtained in the animals on Diet C. In fact the only tumours appearing in less than one year from the commencement of injection of the carcinogen were 6 cholangiomas, which all appeared in animals on Diet C. Most of these were observed within 5 months of the commencement of treatment, long before any other tumours appeared. All the animals in this diet group which developed tumours had cholangiomas, the only other type of tumour found being a hypernephroma in a rat which also had a cholangioma. EXPLANATION The numerals denote the number of days between the first treatment and diagnosis of tumours post mortem. In a number of animals, particularly those on Diet A, more than one tumour developed in the same rat; in one case 4 distinct tumours were found. A summary of the type and sites of occurrence of these multiple tumours is given in Table II. I 2'-Chloro-4-dimethylaminostilbene (II). After allowing for early deaths and losses by cannibalism a total of 31 rats treated with this compound were examined post mortem, and 26 tumours were found. The type of tumour and the number of days from the commencement of treatment until the tumour was diagnosed post mortem are given in Table III (Fig. 2, 3 and 4) . The numerals denote the number of days between the first treatment and diagnosis of tumours post mortem.
A marked difference in behaviour between this compound and 4-dimethylaminosti]bene (I) is revealed in that no cholangiomas appeared within 6 months of commencement of treatment in the animals on Diet C as was the case with the latter compound. With Compound (II), apart from the fact that again more tumours were recorded in the rats on Diet A, which is almost certainly related to the longer survival time of the animals, there appears to be no definite effect of diet on the nature or distribution of the tumours. A number of tumours appeared in less than 12 months, but these were of random distribution and were not confined to any particular type or to animals on a particular diet. The largest number of tumours of one type were mammary carcinomas in females (although one occurred in a male). Since no females were used with compound (I) it is not possible to compare the behaviour of the two stilbenes in this respect.
A summary of the type and sites of occurrence of multiple tumours induced by (II) is given in Table IV . A definite effect of diet on the carcinogenic action of the aminostilbene derivatives investigated is seen in the very short latent period required for the induction of cholangiomas in rats maintained on the diet containing 5 per cent protein with addition of methionine (Diet C). In the group of animals treated with 4-dimethylaminostilbene (I) whilst maintained on this diet, a total of 7 cholagiomas was found, 4 of which appeared within 3 months and 6 before the lapse of 11 months. No other tumours of any type were observed in less than a year from commencement of treatment with this compound in animals maintained on any of the diets.
The low protein Diet C therefore favours the development of cholangiomas, but not of other tumours in rats treated with 4-dimethylaminostilbene (I).
No such effect was observed in the animals treated with 2'-chloro-4-dimethylaminostilbene (II). Only one cholangioma was found in the rats maintained on Diet C, and although this was detected after about 9j months it was not the earliest tumour to be induced by this compound. A mammary carcinoma was observed after about 6! months' treatment in the group of rats maintained on the 20 per cent protein Diet A. A carcinoma of the neck in the Diet A animals, a mammary carcinoma, hepatoma and a basal-cell carcinoma of the ear in Diet B Sex of rat.
Female .
animals, also a lung adenoma and a cholangioma in Diet C animals were all found within about 10 months after commencement of treatment with (II). No preferential effect on any of these diets in reducing the latent period of tumour development in rats treated with 2'-chloro-4-dimethylaminostilbene can therefore be claimed. The behaviour of 4-dimethylaminostilbene in respect of its liver tumour-inducing action is very similar to that of 4-dimethylaminoazobenzene, which it resembles closely in structure. Induction of liver tumours by both compounds is favoured by the same low protein diet, and in both cases it is the latent period required for induction of cholangiomas rather than of hepatomas which is shortened. The diet effect is so marked with 4-dimethylaminoazobenzene that in the experiment referred to previously which is now being carried out by Miss S. Charter, all the animals maintained on Diet C have developed cholangiomas in less than 5 months, whereas no tumours have as yet been detected (8 months) in rats receiving the 20 per cent protein Diet A. With regard to the general carcinogenic action of the two aminostilbene derivatives (I) and (II), a variety of tumours have been found in 15 different organs. These include most of the types of tumours observed by Haddow, Harris, Kon and Roe (1948) , and a number of tumours not previously described. A large number of sarcomas were found by the above authors, who administered the aminostilbenes by subcutaneous injection. No tumour of this type has been observed in the present experiment where the intraperitoneal route of administration was used.
In the paper by Haddow, Harris, Kon and Roe (1948) attention was drawn to the causation by a number of aminostilbene derivatives of haemolymph changes similar to those described by Latnitzki and Woodhouse (1942, 1944) in rats treated with carcinogenic hydrocarbons. The latter authors suggested that the ability of the hydrocarbons to produce such changes might in some way be connected with their carcinogenic action. The similar behaviour of the carcinogenic aminostilbenes has tended to support this suggestion, and Haddow et al. (1948) state that although the real significance of the phenomenon of the formation of haemolymph nodes is not at all apparent, it provided an additional reason for investigating the carcinogenic potency of such compounds.
Recent work by the present author may tend to throw considerable light onI the significance of these so-called haemolymph changes in relation to carcinogenesis. This work is still in progress and will be fully described later, but it is felt that a brief reference to it in relation to the aminostilbenes should be made here. In studying the toxicity of a series of carcinogenic c e0 dimethane sulphonoxyalkanes, it was found that the treated rats develop a general haemorrhagic state and the immediate cause of death is usually a massive haemorrhage in the stomach. With sub-lethal doses it was noted by Miss C. Barrett that the haemorrhagic state could be easily demonstrated by plucking the fur from a small area on the chest of the animal. If positive a number ofpetechial haemorrhages appear almost immediately.
The appearance of stomach haemorrhages and the fact that a marked haemolymph change always accompanies the haemorrhagic state suggested that the haemolymph changes observed by Haddow et al. (1948) with aminostilbenes might also be part of a general haemorrhagic state, particularly since some of these compounds also caused haemorrhage in the pyloric region of the stomach. This does appear to be the case, since with a dose of 85 mg./kg. i.p. of 4-dimethylaminostilbene a strongly positive "plucking test " was observed after 8 to 10 days. At post-mortem examination marked haemolymph changes were observed, and numerous small haemorrhages were evident in many organs, including lungs, testes, seminal vesicles, stomach, intestines, etc.
The haemorrhagic state induced by these compounds is obviously related to their effects on the blood, particularly-as is well known in the case of X radiation -to the diminution in the number of platelets. The haemolymph changes shown by carcinogens if, as appears to be the case with aminostilbene derivatives, they are related in some degree to a more general haemorrhagic state, may represent one aspect of the general growth inhibiting properties of these agents mnanifested here by prevention of cell division in the normal processes of haemopoiesis. 
